Introduction: Stenosis of the internal carotid arteries (ICAs) increases the risk of
| INTRODUCTION
Stroke caused by atherosclerosis in major vessels is among the highest causes of death and disability worldwide. 1, 2 The internal carotid arteries (ICAs) are major blood vessels found bilaterally in the neck, supplying blood to the brain. Stenosis of the ICA via atherosclerosis or by other means increases the risk of stroke. 2 The ICA is routinely assessed by ultrasound with the primary focus on the velocity measurements (peak systolic and end diastolic) looking specifically for locally elevated velocities that may represent stenoses. 2, 3 As blood travels through a stenosis, the velocity increases at that point because of Bernoulli's principle. 4 The blood flow velocity is measured sonographically by the following equation:
where f d is the sonographic Doppler frequency, c is the propagation speed of the ultrasound beam, v is the velocity, f 0 is the central transmission frequency, and θ is the insonation angle. [5] [6] [7] Within the Doppler equation, the cosine value of the insonation angle (cosθ) can range 8 from 1 (θ = 0) to 0 (θ = 90). The insonation angle is calculated from the angle between the direction of the ultrasound beam and the direction of blood flow, assumed as parallel to the long axis of the vessel walls. 2, 9 The insonation angle is produced solely by the sonographer, as the angle itself increases so does the impact on results if misalignment occurs. 2, 5, 10 Mathematically to reduce the amount of error, an angle closer to zero would produce the lowest possible rate of error. 9 Variations in velocity can be attributed to Doppler artefacts. In particular, intrinsic spectral broadening (IBS) is a common artefact that affects the resolution of the spectral trace and its accuracy. 11 The velocities demonstrated on the Doppler waveform can increase in range decreasing the specificity of the results.
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Multiple studies have proposed a limit to the insonation angle. 2, 9 A maximum of 60°has been routinely accepted, classing angles greater than 60 as nondiagnostic. 9 Clinically, sonographers maintain their Doppler angles 9 at or less than 60°. By following guidelines and limiting this angle, it is deemed that if an insonation angle error is made, only a small but "acceptable" error would be incurred to the velocity measurements. 2, 12, 13 When the Doppler frequency is unchanged and the insonation angle is adjusted from 40°to 60°, velocities were seen to rise by 42% (or 2.1% per degree). 2, 10 In analogous studies, results showed velocity increases of 1.8% and 2% per degree respectively. 2, 10, 14 Several studies have proclaimed that higher inaccuracies are associated with an insonation angle of 60°when contrasted against smaller angles.
3,15
Ultrasound is routinely becoming the primary and, in many cases, the only imaging modality being used for evaluation of the carotid arteries, with up to 80% of patients in the United States undergoing carotid surgery (endarterectomy) after only utilising ultrasound as the preoperative imaging modality. 2, [16] [17] [18] This demonstrates the necessity for reproducibility, accuracy, and consistency during routine carotid artery ultrasound examinations.
A 2003 study classified the vascular diagnostic community into two groups: "those who use a fixed 60-degree Doppler angle and those who use a 'convenient' angle less than or equal to 60 degrees." 16 There currently is limited information in this sector, and the study reflects the only one analysing the methods used by the diagnostic community.
As a result of the various sonographic methods used during carotid artery studies, inconsistent results have been shown not only within districts but also throughout practices too. 16 
| Aim
The aim of this study was to determine the number of sonographers in a single private radiology practice that use a fixed 60°Doppler angle compared with the number that use a convenient angle less than or equal to 60°while performing a carotid ultrasound.
This study was produced as a voluntary quantitative pilot study designed to address the current gap in literature. This research aims to provide insight into the most common method sonographers employ during carotid artery studies while also testing the study effectiveness and feasibility before larger sample sizes are targeted. 
| RESULTS
Nineteen of twenty-one (90%) sonographers completed the survey consisting of 18 qualified sonographers and one student sonographer.
The participants represented a diverse experience pool ranging from student to sonographers with greater than 10 years' experience. The majority of participants 7/19 (36.8%) were noted as having between 1 and 5 years' experience ( Figure 2 ).
All participants worked within the general practice field with no vascular or other specialist sonographers surveyed.
Whereas 47.4% used multiple angles less than or equal to 60°and
were grouped as using a "convenient angle," 52.6% of participants maintained a constant Doppler angle of 60°throughout their entire carotid artery examination. 
| DISCUSSION
The results seemingly split the sonographic participants into half with 52.6% (10 participants) using a constant angle of 60°compared with 47.4% (9 participants) using a convenient angle. These results correlate with the study by Grant et al in 2003 that identified the sonographic community as two groups of sonographers: those who used 60°angle and those who use a convenient angle. 16 Grant et al also acknowledged the apparent nonuniformity among sonographers when completing carotid artery studies. 16 Grant et al went further to state that these inconsistencies not only exist among the greater sonographic community but also exist within single practices, substantiating the results demonstrated through this study. 16 The results gathered only represent a group of sonographers within a single company however embodying a diverse range of sonographic experience. Importantly, clear trends were identified when the sonographer's experience and methods were compared.
While results appeared to split the sonographers virtually evenly in regard to their chosen method of insonation, further investigation suggests trends between experience and methods employed.
Sonographers with the least experience, having <1-year experience or being a student sonographer, both employed a method using a constant 60°angle. Current clinical Doppler ultrasound text states that during carotid artery studies, the Doppler angle should be kept as low as possible and noted the ideal range between 45°and 60°, suggestive of a convenient method. 18 However, the same literature states that it is a good practice to maintain a specific angle in order to improve the reproducibility 18 and suggests 60°. The obvious lack of commitment to either a 60°angle or a lower angle within current literature used as course content creates contradictions and confusion. Further investigation is warranted around literature used for education and training in vascular sonography.
In 1997, the University of Washington Ultrasound Reading Center (UWURC) released an ultrasound protocol recommending that whenever possible, an insonation angle of 60°should be maintained during carotid artery Doppler examinations. 10 In 2002, a conference was held between a panel of experts across a variety of medical specialties 
FIGURE 1
Online questionnaire used in the study convened under the Society of Radiologists in Ultrasound (SRU), to generate a consensus on ICA stenosis. 16 The SRU evaluated the 1997 protocol and was in discord on what insonation angle was preferred. 16 The majority of panellists suggesting that the Doppler measurements should be obtained with the angle of insonation 10, 16 less than or equal to 60°. However, conflicting opinions were noted with others suggesting maintaining a consistent insonation angle exactly at 60°would provide greater consistency of results. 10, 16 The study suggested that further investigation into the matter was warranted. 10 In 2010, the UWURC reevaluated standardising of ultrasound evaluation of carotid artery stenosis and recommended that in order to minimise the effect of different Doppler results between different visits, whenever possible, carotid artery Doppler ultrasound measurements should be acquired using an insonation angle 10 of 60°.
Interestingly, one research group has looked at the dependency of insonation angles on measuring flow rates on two different machines. 19 The first machine was an older model and showed statistically significant changes in measurements 19 between 40°and 60°.
However, the second machine tested was newer, and between the angles of 50°and 70°, results were within 10% of the actual known flow rate and deemed as being nonsignificant differences. 19 Machines now able to employ a vector Doppler method that removes the angle dependency correlated to spectral broadening by calculating the mean frequency. 5 This suggests that newer machines are less angle dependant and in turn can be used at a range of insonation angles less than 60°to produce relatively similar diagnostic results, aligning with the suggestions from the SRU consensus conference 10, 16, 19 Results from our study exhibited the discontinuity within our small sample similar to that found in the literature. The inability to unite a common method has led to significantly varied results. 
| Limitations
Limitations for this study include the sample size and participant pool.
This study was designed as a pilot study and as such only focused on a small sample size of 19 sonographers. The questionnaire was only circulated through a single private medical imaging company. Because of the closed off community, targeted results may give a narrow view and may not truly represent the entire diagnostic sonographic community. The lack of participation from any vascular specialist sonographers within the pool is also a limitation of this study.
| CONCLUSION
Medical professionals have routinely limited their insonation angles to a maximum of 60°. The results from this study found that the diagnostic community from one practice is separated into two groups: those who maintain a Doppler angle of 60°and those who use a convenient angle of <60°. The discontinuity is consistent with other literature.
Approximately half the participants used an insonation angle of 60°, and the other half employed a convenient angle. Significantly, this study has shown experience influences which method is chosen with obvious trends being exhibited by those with >10 years' experience and those with 5 to 10 years' experience. The debate continues as to which is the most accurate and the most common method.
| Recommendations for future research
Future research is warranted in this field as there still controversy as to which method is the more common and/or best method to utilise.
Further investigation into the most common method is encouraged with emphasis on five areas: 
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